Fermentations of the marine fungus Hypoxylon oceanicum (LL-15G256) were found to have potent antifungal activity. Isolation and purification of the antifungal agents provided two classes of compounds, macrocyclic polylactones and the lipodepsipeptides the lipodepsipeptides, all containing D-glutamate, L-serine, and the rare amino acid
Our research program to discover novel, cell wall active, antifungal agents has been described in previous publications1) and in part in the preceding paper2). that these compounds were macrocyclic polylactones (see Figure 1 ), identical with two recently reported antifungal products BK223-A and BK223-C3) of the terrestrial fungi Penicillium verruculosum and Scedosporium apiospermum F262634). Besides having anti-(BK223-A) was also reported as a nerve growth factor be an agonist for certain steroid hormones4). A further series of these polylactones has been isolated6) and will be reported elsewhere.
as an entirely different structural class of antifungal agent7), fermentation efforts were directed towards the improvement of production yields for this component2).
Changing the medium from a Sabouraud-maltose to a from 3mg/liter to 400mg/liter and provided this compound as the chief antifungal product. Minor comgenerated under these conditions in good yields.
Isolation
Initial tests showed approximately equal antifungal potency in both the cell pellet and the supernatant liquid of fermentation broths. Therefore, the active compounds were recovered from both fractions through separate extractions (compare Scheme 1). The pellet was extracted by slurrying with methanol or, preferably, 85% acetone followed by filtration. (see Table 3 ) is assigned to the glutamic acid residue, the shortened by two methylene groups. Thus, the structure acid moiety as shown in Figure 5 .
While the lactone bond in 1, 2, and 3 is relatively stable in solutions containing up to 0.5M TFA and also survives methylation reactions (e. g. 1% H2SO4 in MeOH), a noticeable epimerization reaction occurs when these lipopeptides are left in solution. Hydrolytic conditions such as 4M HCl or strong basic solutions such as 1M NaOH, KOH or Ba(OH)2 cleave the lactone group within minutes and also accelerate the epimerization. Thus, 3 was treated with 1M NaOH and Ba(OH)2 for 10 minutes to yield 4 and its W2 epimer 4a. HPLC purification yielded 4 in pure form, but solutions of 4 slowly epimerized to eventually generate a 1:1 mixture of 4 and 4a.
Once put into solutions purified forms of 1, 2, 3 and 4 readily epimerize whereas solids (powders) of these compounds do not change their composition. In DMSO b This isomer exists in two rotameric forms in a ratio of 93:7 as observed in the 1H NMR spectrum , indicated by the doublet corresponding NH at 8.88 and 9.06ppm, respectively, through direct, but negative ROESY correlations.
to 2 weeks at room temperature when ca. 25% of the unnatural isomerc is generated. Evidence for this reaction 5.92ppm while the signal at 5.63ppm representing the natural form diminishes in intensity. HPLC analysis of the mixture, using MeOH as organic modifier, reveals a second peak (1a) with increased retention time (see Table   6 ). When this second peak was isolated and reanalyzed, a reversal to the original form was noted by the detection of two peaks, identical in retention time with the previous peaks for 1 and 1a. UV spectra of the two peaks, obtained via diode array detection, show small but distinct differences in their maxima, the natural form (1) has a maximum at 311nm whereas its epimer (1a) has this maximum at 307nm (see Figure 6 ). 4), any alteration of the ring structure appears unlikely. Surprisingly, purified 5 does not convert to 5a in neutral solutions, but 5a can be generated under acidic conditions. It therefore seems likely that epimerization in solution of 1, 2, 3, and 4 is due to the presence of the acid functionality in glutamic acid. tryptophan and H-2 (but not to the 2-CH3 group) of the fatty acid residue. Considering steric and energetic requirements, these protons are therefore on the same face of the molecule (assume cis-configuration) as shown in Figure 2 . With no observed ROESY correlation between H-2 and H-3 and a coupling constant of around 10Hz, the relative configuration of these two protons is required to be trans. The location of H-3 on the face opposite to E-2 is fully consistent with its ROESY correlation to configuration of D-glutamic acid and the S configuration of the L-serine, the absolute configurations at C-2 and C-3 are therefore S.
As the amide bonded protons have ROESY's (not shown in Figure 2 ) between each other in both the natural form (1) and its epimer (1a) , an orientation of all NH into the ring is required. The relative weak or non-existent the corresponding NH's (same amino acid), confirm the predicted trans conformation of these protons for all three amino acids. This may not always be apparent from their coupling constants, but is clearly evident for
Considering that 1 has a strong NOE between E-2 tryptophan, but la does not, and that a strong ROESY correlation exists between W-2 and NH of serine for 1a novel structures, a similar series of lipodepsipeptides, the beauverolides, named after the producing fungus Beauveria bassiana, have been described10). For comparison, the structure of beauverolide Ka is shown in Figure  7 . All reported beauverolides (no biological activity stated) contain the fatty acid 3-hydroxy-4-methyl- Whole mash (5 liters) was separated into pellet and supernatant by centrifugation at 3000rpm for 30 minutes. The pellet was extracted with 2 liters of 85% aqueous acetone while the supernatant was extracted with 2 liters of ethyl acetate. The organic extract of the supernatant and the pellet extract were processed separately under the following conditions. After evaporation of the solvent, the remaining solids (ca. 2g from the pellet and ca. 1.2g from the supernatant)
were resuspended in methylene chloride and loaded onto a self-packed silica with increasing concentrations of ethyl acetate (10, 25, 50, and 100%) followed by a final column wash with 100% MeOH. From the pellet extract six fractions were Five ml of a 1M NaOH solution was added to 600mg of 1 dissolved in 50ml methanol. To this mixture was added 5ml of an aqueous (1%) Ba(OH)2 solution. A white precipitate formed immediately on the addition of Ba(OH)2. This mixture was swirled for 10 minutes, a sample was then taken and analyzed by HPLC using a mixture of 70% MeOH/10% 0.1M aqu. TFA/20% water a major peak at 12.1 minutes indicated the formation of the hydrolized product (4). (When 55% acetonitrile was used instead of 70% MeOH, the order of elution was reversed, 1 eluted at 6.4 minutes and 4 at 5.8 minutes) Acidification of the reaction mixture after 15 minutes with HCl dissolved the precipitate and gave a clear, slightly colored solution. The pH was adjusted to 4 and the solution was then poured into a biphasic system of ethyl acetate (120ml) and water (50ml) and agitated.
Separation
of the phases and concentration of the organic phase yielded 330mg of glassy solid.
Compound 4 was purified by preparative HPLC using the MODCol(R)® system isocratically eluted with 70% McOH/0.8% TFA in water. 220mg of 4 was recovered by pooling the appropriate fractions, evaporating the organic solvent and extracting 4 from the remaining aqueous mixture with ethyl acetate. Finally, trituration of the residue with acetonitrile produced 4 as a white solid which was subsequently dried in vacuo. methanol and 1ml of H2SO4 was added while swirling the reagent vessel. The reaction mixture was then let stand for 2 hours. An HPLC analysis using an analytical Supelcosil LC-ABZ C18 reverse phase column eluted with 70% MeOH/10% 0.1M TFA/20% water, revealed that minutes had disappeared and a major peak with a retention time of 16.0 minutes was produced instead. The reaction mixture was concentrated to approximately 10ml after 400mg solid NaHCO3 had been added. This was then poured into ethyl acetate (100ml) and the solution was transferred into an extraction funnel. Shaking with 25ml of a 0.1M NaHCO3 solution and two water washes provided a neutral reacting ethyl acetate phase. The solvent was evaporated, the residue was then dissolved and dried from MeOH twice and finally re-dissolved in 40ml t-BuOH, frozen and lyophilized.
The dry product (1021mg) was found to be the methyl
